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SHIGEO YAMAKI, C A WAGENVOORT

From the Department of Thoracic and Cardiovascular Surgery, Tohoku University School of Medicine,
Sendai, Japan, and the Department of Pathology, University of Amsterdam, Academic Medical Centre,
Amsterdam, The Netherlands

SUMMARY Pulmonary vascular changes were studied in histological sections from 15 children and
25 adults with primary plexogenic arteriopathy. The severity of medial hypertrophy and degree
of vasoconstriction were measured in histological sections and there was a close correlation be-
tween these two variables in both children and adults. More advanced arterial changes, expressed
as an index of pulmonary vascular disease, were more common in adults, and their severity
correlated positively with the degree of medial hypertrophy. No such correlation was found in
children. There were similar numbers of plexiform lesions per square centimetre in children and
adults, so that the differences in the indices of pulmonary vascular disease were mainly due to the
intimal changes. Concentric laminar intimal fibrosis was more severe in adults. It is suggested
that intensive spastic vasoconstriction results in the development of fibrinoid necrosis and sub-
sequently of plexiform lesions and that this may happen irrespective of the presence of severe

intimal fibrosis. This suggests that children with primary plexogenic arteriopathy in whom plexi-
form lesions have not yet developed are more likely to respond to vasodilator treatment than are

adults in whom irreversible changes associated with intimal fibrosis have developed.

The vasoconstrictive form of primary pulmonary
hypertension, associated with primary plexogenic
pulmonary arteriopathy, is an uncommon disease
that predominantly affects children and young or
middle aged adults. Pulmonary vascular lesions in
this condition differ morphologically from those in
other forms of unexplained pulmonary hypertension
such as pulmonary veno-occlusive disease or silent
recurrent thromboembolism. The clinical picture,
however, is often indistinguishable and a lung bi-
opsy may be necessary for an accurate diagnosis. So
far, various therapeutic approaches have met with
limited success, although vasodilator treatment may
be effective in some cases.
There are differences between adults and children

with primary pulmonary hypertension. Adult
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women are more commonly affected than men,
whereas in children the sexes are equally affected.
Also it was our impression that there were
differences in the development of the various arterial
lesions. To determine the extent of these differences
we have studied the pulmonary arteries in tissue
from 15 children and 25 adults with primary plex-
ogenic arteriopathy.

Patients and methods

At least five histological sections of lung tissue ob-
tained at necropsy were available from each of 40
patients; 15 were aged from 1 month to 12 years
(four male and 11 female) and 25 were aged from 16
to 64 years (six male and 19 female) (Table). All died
of severe pulmonary hypertension. The duration of
illness was known to us in 34 cases. We also exam-
ined lung tissue from a control group of 34 individu-
als (aged from newborn to 33 years) without heart or

lung disease.
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Table Clinical and morphological data in 40 patients with primary pulmonary hypertension

Case Age Sex Duration of No ofpulmonary arteries IPVD No of Thrombus Medial Degree of
(yr) illness (yr) which scored plexiform thickness vasoconstrictio

lesions (D, = loomn)
1 2 3 4 (per cm2)

Children:
1 01 M 01 100 0 3 0 1.1 0 - 19-6 2-8
2 1 F 0-8 39 1 30 10 2-1 0-4 - 14-1 1-8
3 1 M Unknown 67 0 56 6 2-0 0-8 - 17-7 2-9
4 1-3 F Unknown 13 0 21 9 2-6 1-6 - 13-2 2-3
5 2-5 M 05 100 0 4 0 1 1 0 + 17-6 2-3
6 3 F Unknown 83 2 17 0 1-4 0 - 14-9 2-3
7 4 F 1 32 6 27 12 2-3 0-8 - 12-3 2-3
8 5-5 F Unknown 12 0 52 29 3-1 2-5 - 17-1 2-2
9 6 F 1 13 0 48 1 1 2-8 4-2 - 171 2-3
10 6 F 0-2 6 2 6 20 3-2 1-7 - 19-3 3-3
11 9 M 1 9 1 21 12 2-8 0 - 11-7 2-3
12 10 F Unknown 35 1 30 3 2-0 0 - 11-2 1-8
13 1 1 F 4-5 48 0 17 2 1-6 0 - 12-2 18
14 11 F Unknown 13 0 20 12 2-7 0 5 - 12-1 2-4
15 12 F 2 37 14 41 0 2-0 0 - 13-5 2-7

Adults:
16 16 M 3 12 0 20 21 2-9 0 - 25-7 3-0
17 16 M 3 23 0 18 36 2-9 0 - 16-7 2-0
18 16 F 3 15 0 47 34 3-0 0 9 - 20-5 2-0
19 17 F 6 0 0 61 34 3-4 0-5 ++ 12-2 2-0
20 18 M 1-5 2 0 36 30 3-4 0 + 24-8 3-8
21 19 F 3 42 6 77 20 2-5 2-4 - 159 2-7
22 23 M 5 2 0 20 26 3-5 0-2 - 14-3 2-9
23 26 F 6 7 0 40 18 3-1 2-9 - 16-4 2-1
24 27 F 2 30 1 19 2 19 0 - 4-7 1-4
25 28 F 2 0 0 32 38 3-5 0-7 + + 16-0 2-3
26 29 F 11 3 0 28 48 3-1 04 - 12-5 1-7
27 29 F 4 38 0 34 0 19 0 - 10-6 2-8
28 30 F 3 7 0 9 22 3-2 0 - 28-1 3-1
29 31 F 5 0 0 24 24 3-5 0 + + 19-2 2-1
30 31 F 1 1 49 0 53 17 2-3 0.1 - 13-3 2-0
31 32 F 2 25 0 29 47 3-0 0 4 - 17-7 3-2
32 35 F 5 22 2 63 22 2-8 0.5 - 10.9 1 9
33 35 F 4 19 0 64 24 2-9 1-8 - 86 2-2
34 40 M 1.5 5 0 19 12 31 0.5 + + 18-6 30
35 41 F 3 4 0 21 16 3-2 0-6 + + 16-1 19
36 42 F 15 5 0 19 12 3-1 0-5 + 18-6 3-0
37 50 F 3 0 0 26 15 3-4 12 + 8-3 1-6
38 51 F 2 6 0 21 30 3-3 0 4 + 8-6 2-3
39 62 F 3 8 0 35 23 3-1 0 - 24-4 2-7
40 64 M 7 1 0 36 37 3-5 2-6 - 20-6 2-0

DR = 00lpm represents the thickness of the media at a pulmonary arterial radius of 100 pm. IPVD, index of pulmonary vascular diseasc.

Histological sections were stained routinely with I AL
haematoxylin and eosin and with van Gieson's stain. L
We measured the thickness of the media by a
method previously reported.' We assumed that the
degree of vasoconstriction of pulmonary arteries is S
proportional to the ratio between medial thickness in
a state of postmortem contraction and that after SD1 D
complete expansion of the intemal elastic lamina.

In each case about 20 pulmonary arteries with an DI= DI D2 R
approximately circular cross section were traced on 2 D
to paper. The radius (R') and the medial thickness D' D
on opposite sides of the vessel in its contracted state Degree of vsoconstriction Dw
(D1, D2) were measured and the average medial Fig. 1 Morphometric assessment ofmedial thickness and
thickness (D') and the ratio D':R' calculated (Fig 1). degree of vasoconstriction. Schematic representation of artery
The medial thickness (D) and radius (R) of the ar- in contracted (left) and hypothetically expanded state
tery in the hypothetical expanded state from the (right). R, radius, D, medial thickness, L length of internal
length of the internal elastic lamina and surface area elastic lamina, S, surface area of media.
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Fig. 2 Medial thickness ofpulmonary arteries (when
pulmonary arterial radius is 100gm) plotted against age in
patients with primary pulmonary hypertension and in normal
controls.

Results

PULMONARY ARTERIAL MEDIAL THICKNESS
AND VASOCONSTRICTION
Figure 2 shows the relation between age and medial
thickness of pulmonary arteries in patients with pri-
mary pulmonary hypertension and in controls. In
the controls medial thickness at birth was approxi-
mately 10 gm but after the age of 5 months it was
consistently 5-7 gm. Although medial thickness var-

of the media were calculated. A measure of the de-
gree of vasoconstriction can then be calculated by
the formula D'/R' D/R. To exclude the effects of
secondary medial atrophy caused by intimal fibrosis
and of excessive dilatation, we made no mea-
surements of arteries with severe intimal fibrosis or
with dilatation lesions.
We also assessed the severity of the more ad-

vanced vascular lesions by means of a semi-
quantitative index of pulmonary vascular disease.2
This index is based on a score ranging from 1 to 4: 1,
no intimal lesions; 2, cellular proliferation; 3, fibrous
and fibroelastic intimal proliferation; 4, partial or
total destruction of media, as in fibrinoid necrosis,
dilatation lesions, and plexiform lesions. A score was
given to each pulmonary artery in our sections and
the index of pulmonary vascular disease was calcu-
lated as the mean score of all arteries examined in an
individual case. We did not attempt to distinguish
between the various types of intimal fibrosis. There-
fore, post-thrombotic and postembolic intimal
fibrosis have been included in the score, although
most intimal lesions were of the concentric laminar
type. This may to some extent influence the score of
those patients who had complicating throm-
boembolism. Plexiform lesions were counted in the
sections and, after we had established the surface
area of the sections by planimetry, their number per
square centimetre of histological section was calcu-
lated.
The number of pulmonary arteries scoring 1, 2, 3,

or 4, the index of pulmonary vascular disease, the
number of plexiform lesions, the presence of throm-
bus, the medial thickness (DR = lOO1 m), and the
degree of vasoconstriction are shown in the Table
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Fig. 3 Medial thickness ofpulmonary arteries (when
pulmonary arterial radius is I00pm) plotted against degree
of vasoconstriction in 15 children (a) and 25 adults (b) with
primary pulmonary hypertension. In both groups there is a
significant positive correlation.
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degree of vasoconstriction in children and in adults
with primary pulmonary hypertension (Fig. 3).
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6o° ADVANCED PULMONARY ARTERIAL CHANGES
0 o 0 The index of pulmonary vascular disease varied

0 ° % from 11 to3 5(mean-2-5). In 24 of the 40 cases there
0 was no cellular intimal prolifer-ation (score 2). On

o the other hand more severe changes (scores 3 and 4)

00 were seen in most cases. The index of pulmonary
o° vascular disease tended to increase with age, al-

o though there was some variation (Fig. 4). In chil-
dren scores ranged from 1 1 to 3-2 (mean 2 2) while

o in adults scores ranged from 19 to 3 5 (mean 3 0) (p
w 3' ' <0 00 1). There were plexiform lesions in eight of 15

32 64 children and in 17 of 25 adults. They:varied from
scarce to numerous (maximum 4.2/cm2). Numbers

e plotted against of plexiform lesions per square centimetre in adults
ertension. and children were not significantly different (Fig. 5).

In children with primary pulmonary hypertension
anrv nImnnarv there was no correlation between medial thickness11F.;Ulll-%.VIa1UV LaUY ILI jaL11V.;LL WILUl JLILLLaL_y FXULJLLIaLY

hypertension, it was generally much thicker than in
the controls. In children with primary pulmonary
hypertension medial thickness ranged from 11-2 to
19 6pm (mean (SI) 14 9(2 9) ym)Xwhile in,adults it
ranged from 4 7 to 28 1 pm (mean 15 1(6-7) pm).
The difference between adults and children is not
statistically significant. The presence or absence of
thromboemboli had no apparent influence on medial
thickness. There was a statistically significant
(p < 00l) correlation-between medial thickness and
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Fig. 5 A comparison of the number ofplexiform lesions in

children and in adults with primary pulmonary hypertension.

0

0

00
0

0

0o

0

0

0 0

0
0

0

0

0 0

0 00

0

0 0 0

0 o

0

0 0

n=25 r=0.44 p<0.05

10 20 30

Medial thickness (DR =100,um)

Fig. 6 Index ofpulmonary vascular disease plotted against
medial thickness in 15 children (a) and 25 adults. (b) with

primary pulmonary hypertension. There is a positive
correlation in adults but not in children.

4.

.1
' 3.

2-

-9 I

0

0
0

0

0

Fig. 4 Index ofpulmonary vascular disease
age in patients with primary pulmonary hyp

ied.coAiderahlv in nqtientq with nrim

431

0 o(B0In 0

1



Yamaki, Wagenvoort

T-iAIr.' s^

Fig. 7 Muscular pulmonary artery with intravascular fibrous septa in a patient with primary pulmonary hypertension (case
3S). van Geison's stain (x 200) (original magnification).

and index of pulmonary vascular disease but medial
thickness in children was found within a narrow
range (Fig. 6a). In adults medial thickness varied
more and there was a positive and significant (p <
0 05) correlation between the two variables
(Fig. 6b).

THROMBOTIC LESIONS
In ten of the 40 patients with plexogenic arte-
riopathy sections also showed thrombotic or throm-
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Fig. 8 Index ofpulmonary vascular disease plotted against
duration of illness in patients with primary pulmonary
hypertension.

boembolic lesions. These were frequent in five
(cases 19, 25, 29, 34, and 35). These lesions appeared
as eccentric patches of intimal fibrosis or as intra-
vascular fibrous septa (Fig. 7).

DURATION OF ILLNESS
The duration of illness was known in 34 patients.
There was no correlation with the index of pul-
monary vascular disease (Fig. 8). The duration of
illness, however, was shorter in children than in
adults. Of 13 patients in whom symptoms first de-
veloped in childhood, seven had been ill for less that
two years and six for two years or more; in 21 pa-
tients in whom symptoms first developed in adult
life the corresponding numbers of patients were
three and 18.

Discussion

The pattern of pulmonary vascular lesions in pri-
mary pulmonary hypertension resembles that seen
in congenital heart disease with a left to right
shunt-medial hypertrophy, cellular intimal prolif-
eration, and concentric laminar intimal fibrosis, fol-
lowed by fibrinoid necrosis, dilatation lesions, and
plexiform lesions. Since the vascular changes tend to
develop in this order, the advanced lesions may be
absent in earlier stages, particularly in children,
when there may be medial hypertrophy only.
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The causes of primary pulmonary hypertension
are unknown but it has been suggested that the ini-
tial event is an intense spastic vasoconstriction.3 In
two large series there were three to four times as
many women as men, whereas the sexes were equally
affected in children.34 In the present smaller series,
if those adults in whom the disease developed before
the age of 16 years are included with the children,
the ratios of females to males are 4 2: and 2-2 for
adults and children.

Like Walcott et a14 we found no correlation be-
tween the severity of pulmonary vascular disease
and duration of illness. Like Evans et al we ob-
served a shorter duration of illness in children than
in adults. Early right ventricular failure and death
may occur in children in the absence of advanced
vascular lesions.
Our method of assessment made it possible to

compare the degrees of medial hypertrophy and
vasoconstriction, although the contribution of post-
mortem contraction to vasoconstriction could not be
assessed. We know from experimental studies that
active constriction of pulmonary arteries during life
can be seen in histological sections after death.6 We
therefore assume that our method gives a reliable
estimate of the degree of vasoconstriction. We found
medial hypertrophy was consistently present in
adults and children with primary pulmonary hyper-
tension. In both groups there was a close correlation
between medial hypertrophy and the degree of vaso-
constriction, suggesting that medial hypertrophy is
the result of prolonged and intense increase in vaso-
motor tone in the muscular pulmonary arteries and
that vasoconstriction is indeed the initial event in the
pathogenesis of plexogenic arteriopathy.37
We did not confirm our previous observation of a

difference in medial thickness between adults and
children.3 This may be because we excluded all arte-
ries with secondary atrophy of the media, which was
more severe in adults. Adults, however, had
significantly higher scores for the index of pul-
monary vascular disease, not attributable to the
numbers of plexiform lesions. These were generally
numerous but their numbers per square centimetre
were not significantly different in the two age
groups. The higher scores in adults were the result
of increased severity of intimal fibrosis, which often
extended over a lengthy course within the arteries
and was therefore seen in multiple arterial cross sec-
tions. In an individual patient the index of pul-
monary vascular disease depends not only on the
degree of concentric laminar intimal fibrosis but also
on the degree of intimal fibrosis developing as a re-
sult of the organisation of thrombi or throm-
boemboli or with advancing age. It is very unlikely
that the observed difference between adults and

children was the result of changes with age, which
are almost always slight and tend to develop above
the age of 40 years; few of our patients were as old as
this. Eccentric patchy intimal fibrosis due to or-
ganised thrombi or emboli was seen in only nine
adults and in one child and these lesions were nu-
merous in only five cases. There is, therefore, no
doubt that concentric laminar intimal fibrosis was
far more advanced in our adult patients than in chil-
dren, just as in children this type of intimal fibrosis
increases with age.3 Also, when patients with throm-
botic lesions were excluded, the difference in the in-
dex of pulmonary vascular disease between adults
and children was still statistically significant.

It is likely that severe and prolonged vaso-
constriction initiates intimal lesions, possibly by
damaging the endothelium. There is also evidence
that spastic constriction may induce fibrin im-
bibition and necrosis of the arterial wall, which in
turn may promote the development of plexiform le-
sions.8 In this context, correlation between medial
hypertrophy and index of pulmonary vascular dis-
ease in adult patients is important. This correlation
appears to be absent in children, despite the fact that
severity of medial hypertrophy and numbers of
plexiform lesions are similar in adults and children.
The absence of a clear correlation between degree of
vasoconstriction and index of pulmonary vascular
disease suggests that there may be less active con-
traction of arterial smooth muscle in advanced hy-
pertensive pulmonary vascular disease.

Since adults and older children in whom primary
pulmonary hypertension develops have a thin media
before the onset of the disease, it is possible that
medial hypertrophy evolves more gradually in
adults than in young children and that because the
clinical course is longer in adults they may be at in-
creased risk of developing intimal lesions. Severe
episodes of vasoconstriction frequently cause
fibrinoid necrosis of the arterial wall and subsequent
development of plexiform lesions when medial hy-
pertrophy is not severe. It is possible that adequate
medial hypertrophy gives some protection against
the development of plexiform lesions whereas
fibrinoid necrosis is more likely to occur when in-
tense vasoconstriction occurs in vessels with lesser
degrees of medial hypertrophy.9
We conclude that severe intimal lesions do not al-

ways precede the development of fibrinoid necrosis
and plexiform lesions. Particularly in children,
fibrinoid necrosis and plexiform lesions may appear
in patients who until that point have reversible pul-
monary vascular disease. On the other hand, by the
time that plexiform lesions are seen in adults severe
and irreversible intimal fibrosis is usually present.
Our findings have practical implications for vaso-
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dilator treatment. Vasodilators including hy-
dralazine and diazoxide have been used in the
treatment of primary pulmonary hypertension with
varying success.10 -12 Also, spontaneous regression
has been reported in patients with primary pul-
monary hypertension." 1
The results of our study indicate that should the

search for more efficient pulmonary vasodilator
drugs be successful, children are particularly likely
to benefit. It is probable that in children the arterial
changes will be reversible until plexiform lesions ap-
pear. In such patients the histological picture will
probably be one of medial hypertrophy alone or in
combination with reversible cellular intimal prolif-
eration; even if there is concentric laminar intimal
fibrosis it is likely to be mild. In adults even before
plexiform lesions are present intimal fibrosis will be
so severe that no regression can be expected with
vasodilator treatment.
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